
Inflammation: The Cellular Actors 
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Table 9.1 Inflammation: The Cellular Actors 

Celi Type Major Functions 



Neutrophils 
Eosinophils 

Monocytes/macrophages (M<(>) 
Platelets 

Mast cells/basophils 

T lymphocytes 

B lymphocytes 

NK cells 

Dcndritic cells 
Endothelium 

Fibroblasts 



First line of defense against bacteria; 

not found in normal tissues; end cells 
Can kill worms; cause damage 
Key cells of chronic, adaptive 

inflammation; synthesize dozens of 

mcdiators; bactericidal; long-lived 
Upkeep of normal endothelium; key 

roles in blood clotting, hemostasis, 

thrombosis; source of preformed 

mediators 
Related but not identical cells; loadcd 

with histamine, can produce many 

cytokines. Triggers of acute 

inflammation. 
T-cell immune responses; secrete 

cytokines; kill cells 
B-cell immune responses; produce 

antibodies; become plasma cells 
Celi killing not dependent on the 

immune response 
Antigen presentation 
Mediates exchanges of fluid and cells 

between blood and tissues 
Produce matrix; can modulate to 

myofibroblasts 



PRINCIPALI FONTI DEI MEDIATORI INFIAMMATORI DI ORIGINE CELLULARE 



TIPO CELLULARE 



MEDIATORI 



EFFETTI PRINCIPALI 



Neutrofili 



Monociti 



Endotelio 



Linfociti 



■ ► Radicali liberi 
* ATTIVAZIONE I > EicosanokJi 

Enzimi S« - 



► ATTIVAZIONE 




ATTIVAZIONE ■ 



ATTIVAZIONE - 



► Serotonina- 



* Fattori della coagulazKX>e - 

* PDGR altri mediatori — 



► Prostaciclina 

► RAF 

► Fattori procoagulanti - 

* Fattori anticoagulanti 

* Proteine adesive — 



/ linfociti non sempre sono coinvolti 

. ATTIVAZIONE ^ 2 0 citochine 

IMMUNITARIA 



• Danno 
Infiammazione 



Danno 

Infiammazione 



Infiammazione cronica, 
fibrosi, effetti generali 
(febbre, cachessia, 
leucocitosi) 

Permeabilizzazione. spasmo 

• Infiammazione 

• Trombosi, coagulazione 

• Proliferazione dei fibroblasti, 
angiogenesi 

• Antitrombosi 

• Infiammazione 

• Coagulazione 

' Anticoagulazione 
' Macinazione ecc. 



»• Risposta immune 

» Infiammazione cronica 

* Fibrosi 



Cellule 
distrutte 
e morenti 



. A.jiJ.j 

urico 

• Enzimi lisosomiali • 



• Peptidi 

■ Attivazione del complemento 

Tromboplastina 



, Attivazione delle 
cellule dendritiche 

* Danno 

» Infiammazione 

► Coagulazione 



• Prostaglandine, citochine (altro?) ■ 
Peptidi antibatterici 



Iperemia; dolore: 
' molti effetti sulle cellule; 



Mastociti 




t ATTIVAZIONE 
(o trauma) 



► Istamina 

► Eicosanoidi; PAF 

► Proteasi (chimasi) 

► Citochine 

* Fattori chemiotattici 
per gli eosinofili 



• Infiammazione 

• Eosinofilia 



NEUTROFILO (50-70%) 



0 





MONOCITI (3-7%) 
MACROFAGI 



f À PIASTRINE 
(2.5xl0 5 /mm 3 ) 





LINFOCITI B e T 
(20-40%) 



V 



EOSINOFILO (1-3%) 



NEUTROFILO (50-70%) 



O 

ooo 




BASOFILO (0-1%) 





Mean number 
per microliter 


Normal 
range 


White blood cells 
(leukocytes) 


7400 


4500-11,000 


Neutrophils 


4400 


1800-7700 


Eosinophils 


200 


0-450 


Basophils 


40 


0-200 


Lymphocytes 


2500 


1000-4800 


Monocytes 


300 


0-800 









Principle 



Individuai cellular elements are separated by layering and centrifuging in ; 
discontinuous density gradient formed by Hypaque (a mixture of sodium diatri 
zoate), Ficoll (a polysaccharide), and isotonic saline-diluted blood. After th< 
centrifugation, mononuclear cells, platelets, and basophils are cleanly separate! 
from the other elements (Fig. 1). PMNs and eosinophils can be separated fron 
erythrocytes by a second separation step utilizing dextran as outlined (see p. 2) 
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FIG. 1. Hypaque-Ficoll gradient. 




Positive selection strategy 



Untouched isolation 
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Magnetlc labellng 

Cells of interest are magne tìcally 

label ed with MACS» MiaoBeads. 



Magnetlc separati on 
Cells are separa ted ina 
MACSColumn placed in a 
MACSSeparator. 

The flow-through fraction can 
be collected as negative fraction 
depleted of the labeled cells. 



Elutlon of the labeled celi fraction 
The column is removed from the 
separa tor. The retained cells are 
el uted as the e nriched, positively 
selected celi fraction. 




Magnetlc I a bel In g 
Non-target cells are magne tically 
labeled with a biotinyla ted antibody 
cocktail and Anti-Biotin MiaoBeads. 



Magnetlc separatlon 
Undesired cells are retained in a 
MACS» Col umn p laced in a MACS 
Se para tor. 

The target cells pass through the 
colu m n and a re collected as the 
enriched. un labeled celi fraction, 
depleted of non-target cells. 
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THE EFFECTOR COMPONENTS OF INNATE AND 
ADAPTIVE IMMUNITY 

Innate immuni ty - _ Adapth»o immumty 




Nature Reviews | Cancer 



Innate Lymphoid Cells: Balancing Immunity, 
Inf lammation, and Tissue Repair in the Intestine 
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IL-7 
IL-15 



IL-2 
IL-7 
IL-25 
IL-33 



IL-2 
IL-7 
IL-23 



Group 1 ILCs 




Group 2 ILCs 
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T1/ST2 



Group 3 ILCs 
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Group 2 ILC-like 


Phenotype and function 


Anatomical location 


ST2 

o 

CD127 CD25 


Adult lung and BAL fluid 


CRTH2 IL-25 

(f?T IL " 

^^o°o IL-13 
CD127 


Fetal and adult intestine 
and lung, nasal polyps 

from rninosinusitis 
patients, adult peripheral 
blood 


ST2 TSLP 


Sputum from asthma 
patients 


Group 3 ILC-like 


Phenotype and function 


Anatomical location 


IL " 17 

f lROR,tJ^J 0 o IL-22 

* IFN-Y 

CD127 


Fetal lymph node and 
spleen, post-nata I tonsil, 
adult lymph node, 

healthy and 
inflamed intestine 


CCR6 

NKp44^j^ ^ IL-23 

IL-23R\J^ 0 

)^/^ IL-22 
CD127 


Adult tonsils, Peyer's 
patches, appendix 



The principal mechanisms of innate and adaptive immunity. 
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W.B. Saunders Company items and derived itetm copyright O 2002 by W.B. Saunders Company. 

Innate immunity: always present (ready to attack) 




BONE MARROW 



► Vasodilation — 
Fluid Leakage 




Microbial killing 
tissue damage 
Activation of other 
limbs of host defense 



Redness 
(Rubor) 

Edema 
(Tumor) 

Pain 
(Dolor) 

Warmth 
(Calor) 



Chemokines, other 
Diapedesis chemoattractants 



Fever 



Vessel wall 
Endothelium 



<V, H 2 0 2 , OH, 



HOCI (bleach) 



Ingestion 

Bacteria 
or fungi 



Cytokine secretion 

IL-8, TNF-cc, IL-12 



-1, TNF-a 



Recruitment 

Macrophages 
Lymphocytes 



Source: Longo DL, Fauci AS, Kasper DL, Hauser SL f Jameson JL, Loscalzo J: harrison's 
Principles of Internai Medicine, 18th tdiiion: v/ww. accessmedicine.com 

Copyright O The McGraw-Hill Companies, Inc. AH rights reserved. 
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Phagocytosis 

Degranulation: fusion of cytoplasmic granules with phagosome and release 

of cytotoxic enzymes or extracellular release of cytotoxic contents 
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Figure 1 Differentiation, release, recruitment and activation of neutrophils. Neutrophils differentiate in the bone marrow and mature 
neutrophils are released into peripheral blood. Over the course of disease or infection, production of neutrophils increases, and 
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Figure 1 

Neutrophil recruitment to sites of inflammation. The circulating neutrophil must recognize signs of 
inflammation and migrate to areas where its antimicrobial arsenal is needed for the elimination of infection. 
(a) Close to the inflammatory sites, stimulated endothelial cells expose a class of molecules, the selectins, 
which serve to capture circulating neutrophils and tether them to the endothelium. (b) Selectin-mediated 
rolling along chemoattractant gradiente then ensues, followed by (c) integrin-mediated finn adhesion. 
Subsequendy, the neutrophil traverses through the endothelium and arrives at the site of inflammation. 
Here, the neutrophil releases cytokines that recruit other immune cells, and it begins to implement its 
antimicrobial agenda. Among the processes employed are engulfment of microbes via receptor-mediated 
phagocytosis, release of granular antimicrobial molecules through degranulation, and formation of 
neutrophil extracellular traps (NETs). 





Fig. 1 Neutrophil phagocytosis and microbicidal activity. Following phagocytosis, niicrobes are destroyed 
by ROS and antimicrobial proteins released froni granules. See text for details. FcR, Fc receptor; CR, com- 
plement receptor; MPO, myeloperoxidase 
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Figure 1 

Mast cells, basophils, and neutrophils in anaphylaxis. Following allergen exposure, IgE and IgG Abs are produced. IgE binds to FceRs on mast 
cells, priming the cells for a secondar/ response. Following second exposure, the allergen binds to IgE on mast celi receptors, activating his- 
tamine release. Allergens also forni immune complexes with lgG1- and lgG2 -activating basophils and neutrophils through Fc/RIII and FoRIV, 
respectively, leading to PAF release. Neutrophils also express FcyRHI, and they also respond to lgG1/allergen complexes. 




J Clin Invest. 2011 Apr 1;1 21 (4):1 260-3. 



Recognition of nucleic acids by pattern -recognition receptors and its relevance in autoimmunity 
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Immunologie al Reviews 

Volume 243, Issue 1, p ages 61-73, 26 AUG 2011 DOI: 10.1111/j.l600-065X.2011.01048.x 
http://onlinelibrary.wiley.eom/doi/10.llll/iM600-065X.2011.01048.x/full#f2 
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Ultrastructure and contents of 
neutrophil granules, stained for 

peroxidase activity. The large 
peroxidase-containing granules 
are the azurophil granules; the 

smaller peroxidase-negative 
ones are the specific granules 
(SG). N, portion of nucleus; BPI, 
bactericidal permeability 
increasing protein. 



Granule type 


Primary Secondary 
(azurophilic) (specifìc) 


Tertiary Secretory 
(gelatinase) vesicles 


Stage of 
formation 


Myeloblast Promyelocyte Myelocyte 


Metamyelocyte Band celi PMN 


Degranulation 
propensity 












Characteristic 
proteins 


Lysozyme 


Complement receptor 1 


Myeloperoxidase Lactoferrin 


FcyRIII 




Elastase 


Gelatinase 



Defensin 



Other 
proteins 



Figure 2 



Cathepsin G, PR3, 
BPI, azurocidin, 
sialidase, 
(3-glucuronidase 



Gp91 phox/p22phox, 
CDHb, collagenase, 
hCAP18, NGAL, B12BP, 
SLPI, haptoglobin, 
pentraxin 3, 
oroscomucoid, 
62-microglobulin, 
heparanase, CRISP3 
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62-microglobulin, 
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Gp91 phox/p22phox, 
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Neutrophil granules. Neutrophil granules carry a rich variety of antimicrobials and signaling molecules. They are typically divided into 
three types (primary or azurophilic, secondary or specifìc, and tertiary or gelatinase). Additionally, structures called secretory vesicles 
are also considered to be a granule subset. Considerale overlap exists in the cargo of the different granules, and their contents seem 
deterniined by the timepoint during hematopoiesis at which they are produced (5). Granules also differ in their ability to mobilize, with 
secretory vesicles being the first to fuse with the plasma membrane and the azurophilic granules demonstrating the least degranulation 
propensity. 



AzurophiI granules Specific granules 



r 



Neutrophil elastase 
Cathepsin G 
Proteinase 3 



Collagenase 
uPA 



Gelatinase granules Secretory granules 
/ 



Gelatinase (MMP9) 
Arginase 1 

Leukolysin (MMP25) 



Leukolysin (MMP25) 
Proteinase 3 



Proteases 



Myeloperoxidase (MPO) 

Bactericidal/permeability- 

increasing protein (BPI) 

Defensins 

Lysozyme 



hCAP18 

Neutrophil gelatinase- 

associated lipocalin (NGAL) 

B 12 -binding protein 

Lysozyme 

Lactoferrin 

Haptoglobin 

Pentraxin 3 

Prodefensin 

Gp91phox/p22phox 



Lysozyme 
Gp91phox/p22phox 



Gp9 1 phox/p22phox 



Antibacterial 
proteins 



CDllb/CD18 

CD66 

CD67 



CDllb/CD18 
CD67 



CDllb/CD18 
CD67 



Adhesion 
molecules 



uPAR 

Laminin-R 

Thrombospondin-R 



CD35 (CRI) 

CD16 

CD14 

Clq-R 

fMLPR 



Receptors 



Sialidase 

Azurocidin 

P-Glucoronidase 

Granulophysin (CD63) 

CD68 

Presenilin 

Acid |3-glycerophosphatase 

Acid Mucopolysaccharide 

a r Antitrypsin 

a-Mannosidase 

(3-Glycerophosphatase 

N-acetyl-P-glucosaminidase 



Secretory leukocyte peptidase 

inhibitor (SLPI) 

Orosomucoid 

Histaminase 

Heparanase 

P 2 -Microglobulin 

CRISP3 

SNAP-23 

VAMP-2 

Stomatin 



P 2 -Microglobulin 

CRISP3 

SNAP-23 

VAMP-2 

Nrampl 



Plasma proteins (including 

albumin) 

SNAP-23 

VAMP-2 

Nrampl 

Alkaline phosphatase 

DAF 

CD10 

CD13 



Other classes of 
functional proteins 



J \ 



) \ 



Increasing tendency of granule release 




Fig. 18.9 - Rappresentazione schematica dei meccanismi proflogistici innescati dal rilascio degli enzimi lisosomiali. (Modificata 
da Goldstein, I.M., Lysosomal hydrolases and inflammatory materials. In Mediators of inflammation, Plenum Press (N.Y.) 
1974). 
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Figure 2. Regulation of vascular permeability by neutrophils: adhesion-dependent signals. Engagement of the [4 2 integrin components o 
antigen 1 (LFA-1) and macrophage receptor 1 (Mac 1) with their endothelial ligands intercellular adhesion molecule 1 or 2 (ICAM-1, 2) is 
binding protein (HBP) from neutrophils, which binds an as yet unidentified receptor (possibly celi surface heparin sulfate proteoglyci 
intracellular Ca 2 \ Binding of LTB4 to the BLT1 receptor on the neutrophil can also cause the release of HBP. ICAM-1 engagement ind 
intracellular Ca 24 and phosphorylation of the junctional protein vascular endothelial (VE) cadherin, causing junctional disruption and c 

mnnmn etmani ftl*n ìnHiir*** Hiccnriat inn nf vmaiIv anHnt halial nrntftin tvrndnA nhn*nh*tacA fX/F-PTP hrnlran skrm\At\ frnm X/F-r.aHh 



Table 1 Mechanism of action of neutrophil antimicrobial proteins 



Antimicrobial peptide 


Antimicrobial mechanism 11 


Catioiiic antimicrobial peptides 


oc-defensins (HNP-1, HNP-2, 
HNP-3, HNP-4) 


■ Permeabilize membrane bilayers containing negatively charged 
phospholipids 

■ Inhibit DNA, RNA as well as protein biosynthesis 

■ Inhibition of bacterial celi wall synthesis 


LL-37 


Transmembrane pore-forming 


BPI 


Increase bacterial permeability and hydrolysis of bacterial 
phospholipids by binding to LPS 


Histones 


Unknown mechanism 


Proteolytic enzymes 


Lysozyme 


Degrades bacterial celi wall 


Proteinase 3 (PR3) 


xMechanism independent of a proteolytic activity by binding to the 
bacterial membrane 


Neutrophil elastase (NE), 
cathepsin G (CG) 


■ Cleaves bacterial virulence factors and outer membrane 
proteins 

■ Mechanism independent of a proteolytic activity by binding to 
the bacterial membrane 


Azurocidin 


Mechanism independent of a proteolytic activity by binding to the 
bacterial membrane 


Metal chelator proteins 


Lactoferrin 


■ Alters bacterial growth by binding to iron, an essential bacterial 
nutrient 

■ Binds to the lipid A part of LPS, causing a release of LPS from 
the celi wall and an increase in membrane permeability 


Calprotectin 


Alters bacterial growth by sequestering manganese and zinc 


a Only direct actions of neutrophil antimicrobial proteins on microbes are listed in the table. 
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Figure 1 . Activities of cathepsin G relevant to host antimicrobial 
immunity. Abbreviations used: HIV, human immunodeficiency 
virus; IL- 1 , interleukin- 1 ; TNFa, rumor necrosis factor a; IFNy, 
interferon y. 
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Figure 2. Schematic illustration of the activities of defensins rele- 
vant to host antimicrobial immunity. Defensins can enhance (T) 
suppress (-1) or regulate (nIT) the production of molecules as well as 
the activation and/or migration of immune cells. iDC, immature 
dendritic cells. 
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TRENDS in immunology 



Figure 3. PMN granule proteins adivate various membrane-bound receptors. Receptor ligation and activation by PMN granule proteins result in mediator release, celi 
adhesion and monocyte locomotion. Abbreviations: Azu, azurocidin; CG. cathepsin G; FPR, formyl peptide receptor; HNP, human neutrophil peptide; NE. neutrophil 
elastase; PAR. protease activated receptor; PR-3. proteinase 3; TLR4. Toll like receptor 4. 



Recently, however, it has been found that stimulated neutrophils 
can also produce extracellularstructurescalled neutrophilextracellulartraps(NETs) 
that capture and kill microorganisms. 
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RISPOSTE FUNZIONALI DEI NEUTROFILI AD AGONISTI 

- CAMBIAMENTO DI FORMA (polarizzazione, estroflessione di lamelle membranarie) 



- VARIAZIONE DEL VOLUME 



- ADESIONE A SUPERFICI (rolling; spreading) 



MOVIMENTO/CHEMIOTASSI 





End target-darived 
attractants are dominant 
ni/»r rpgijlatnry celi- 
derived agonists 




Erxloltielium 



Neutrophil 



RISPOSTE FUNZIONALI DEI NEUTROFILI AD AGONISTI 

- CAMBIAMENTO DI FORMA (polarizzazione, estroflessione di lamelle membranarie) 

- VARIAZIONE DEL VOLUME 

- ADESIONE A SUPERFICI (rolling; spreading) 

- MOVIMENTO/CHEMIOTASSI 

- AGGREGAZIONE 



- ESOCITOSI 

- RILASCIO DI MEDIATORI (p.es. EICOSANOIDI, PAF, ecc) 

- PRODUZIONE DI OSSIDO NITRICO [e derivati vari, perossinitrito (ONOO )] 

- BURST RESPIRATORIO 
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FAGOLISOSOMA 



Granuli 
specifici 




Membrana 



■ Figura 13.26 - Meccanismi per la formazione di radicali 

dell'ossigeno all'interno del fagolisosoma. 
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Mediatore of antimicrobial and 
cytotoxic activity of macrophages 
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Oxygen-dependent killing 



Oxygen-independent killing 



Reactive oxygen intermediates 
0* 2 ~ (superoxide anion) 
OH* (hydroxyl radicals) 
H 2 0 2 (hydrogen peroxide) 
ClO~(hypochlorite anion) 

Reactive nitrogen intermediates 
NO (nitric oxide) 
N0 2 (nitrogen dioxide) 
HN0 2 (nitrous acid) 

Others 

NH 2 CL (monochloramine) 



Defensins 
Tumor 

(macrophage only) 
Lysozyme 

Hydrolytic enzymes 




Table 7.2 Theoretical mechanisms through which 
neutrophils may mediate tissue destruction 



1. Toxic oxygen metabolites 

2. Granular enzymes 

3. Arachidonic acid metabolism products 

4. Hypochlorous acid and/or its metabolites 




Fig. 7.1 Schematic diagram of a neutrophil releasing toxins which could injure 
tissue. 
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FIGURE 9.4 Principal mediators arising from an activated neu- 
trophil and their principal inhibitors. (Reprinted by permission 



Tissue Injury by Inflammatory Cells 



Activated oxygen species 

• Can migrate through intact plasma membranes 

• Initiate lipid peroxidation 

• React with DNA 

• Oxidize sulfhydryl groups of proteins 

• Degrade extracellular matrix components 



•Lysosomal enzymes 

•Since these enzymes are used to degrade microorganisms 
in lysosomes, obviously they could damage tissue in the 
extracellular environment 



•Usually protease activity is controlied by a variety of 
anti-proteases present in plasma (o^-anti-trypsin, a 2 - 
macroglobulin, etc.) 



Table 7.1 Human inflammatory diseases in which the 
neutrophil is implicateci as a mediator of tissue 
destruction* 



1 . Adult respiratory distress syndrome 

2. Ischaemia-reperfusion injury (myocardial infarction) 

3. Emphysema 

4. Rheumatoid arthritis 

5. Immune vasculitis 

6. Gout 

7. Glomerulonephritis 

8. Inflammatory bowel disease 

9. Asthma 

10. Neutrophil dermatosis 

11. Thermal in jury 

12. Chronic bronchitis 

13. Bronchiectasis 

14. Cystic fibrosis 

15. Atherosclerosis 

16. Psoriasis 

17. Malignant neoplasms at sites of chronic inflammation 



• Modified from reference 1. 



Effector functions of neutrophils at sites of infection or inflammation 
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Regulation of macrophage activation by interaction with apoptotic cells 
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Activated macrophages can accelerate leukocyte apoptosis and trigger resident celi apoptosis. Subsequent phagocytosis of the apoptotic 
progeny deactivates or 'reprograms' the macrophage, which then receives signals to promote repair, emigration and production of 

antiinflammatory cytokines. 
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FIGURE 1. Neutrophil apoptosis influences the outcorne of inflammation. Accelerateci neutrophil apoptosis by 
certain viruses or bacteria inereases susceptibility to sev ere recurrent infections and may contribute to generation 
of autoantigens. By contrasta suppression of c costitutive neutrophil apoptosis by proinflammator> r mediators or 
bacterial constituents leads to aggravated tissue ìnjury and prolongation of the ìnflanunatory response. Inhibition 
of neutrophil recruitment and redirectmg neutrophils to apoptosis promote clearance of mflaminatory cells and 
ultnnately enhances the resolution of ìnflainination 
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Fig. 1. The granulocyte life cycle. Under the influence of well-characterized growth factors, granulocytes are differentiated from multi-potent stem 
cells in the bone marrow. At the termination of normal resolving inflammation, granulocytes undergo apoptosis as a prerequisite for non-inflamma- 
tory removal by phagocytes such as macrophages. Upregulation of the receptor CXCR4 serves as a homing beacon drawing senescent cells towards the 
organs responsible for their clearance, i.e. the bone marrow, liver, and spleen. 
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Nature Reviews | Immunology 

a | Phase I: patrolling non-classical monocytes and resident macrophages are among the first cells to sense a disturbance in tissue homeostasis. They rapidly 
produce cytokines and chemokines to alert the immune system and to recruit neutrophils. b | Phase II: shortly after the alarm has gone off, neutrophils invade 
the site of injury and release granule contents that promote the extravasation of inflammatory monocytes. c | Phase III: the life-span of emigrated neutrophils is 
rather short and is subject to modification by prò- or anti-apoptotic signals, some of which are produced by macrophages. Macrophages and apoptotic 
neutrophils prevent further infiltration of neutrophils, but signals from apoptotic neutrophils promote continued monocyte influx. d | Phase IV: the clearance of 
apoptotic neutrophils promotes an anti-inflammatory programme in macrophages, which leads, ultimately, to the reconstitution of tissue homeostasis. G-CSF, 
granulocyte colony-stimulating factor; GM-CSF, granulocyte-monocyte colony-stimulating factor; IL, interleukin; PGE 2 , prostaglandin E 2 ; TGFp, transforming 
growth factor-p;TNF, tumour necrosis factor. 



Neutrophil effector functions at sites of infection or inflammation 
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Figure 2. Neutrophils in Tissucs 

NoutropN i moiptuml byancMhaH Mll P m 

lectins. Bonds between P-Selectin and E-selectin 
on endothelial calte and PSGL-1 , L-selectn, ESL- 
1, and CD44 on neutrophils mediate roliing and 
actrvation of the neutrophil integrins, wtiich 
Énteract wrth ICAMs expressed on endothelial 
celte. The trans-end othelial mi gration rs erther par- 
acellular or transcelkjlar. The tight junctions are 
kx>sened by neutrophils that present alternative 
binding partners PECAM-1, JAM-A, LFA-1, and 
Mac-1, thus unzipping the tight junctions and 
zippéng themserves between the endothelial celte 
to mediate par acellular mi gration. In transcelkjlar 
migration, transmigratory oups high in ICAM-1 
and VCAM-1 capture aawling neutrophils that 
then make ther way through the cells. Once out 
in tissues, a burst of transoriptional actrvrty in 
part medi at ed by locai G-CSF production inrtiates 
generation of cytokines by neutrophils. The 
neutrophils phagocytose microorganrsmsand de- 
granulate and may then erther undergo apoptosis 
or ne tosi s. Uptake of apoptotic neutrophils by 

ifMoroptagei domwnoduiattìs t'w ppoduoHon n 

IL-23. Thereby, less IL-17 is generated from 
T oells. Hence, less G-CSF is produced by fibro- 
blast and endothelial cells to stimulate the neutro- 
phil production in the bone marrow. Lipid media- 
tors, lipoxins, resolvins, and protectins are 
generated through sequential steps invorving 
neutrophils, endothelial cells, and maaophages. 
They down modulate neutrophil actrvation and 
endothelial celi actrvation whie enhancing uptake 
of apoptotic oells by macrophages. 



ACTIVATION OF NEUTROPHIL FUNCTIONS 
DURING INFLAMMATION 
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THE FUNCTIONS OF NEUTROPHILS DURING 
INFLAMMATION CAN BE UPMODULATED 
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